Radial solitary waves in periodic variable stars 
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Abstract 

It is shown that the oscillations of brightness in classical Cepheids and other 'pulsating' variable 
stars are caused rather by the passing of radial solitary waves through the photosphere of a star, 
than by pulsations of a star. Radial solitary waves also determine the oscillations of brightness in 
some other types of periodic variable stars ordinary not considered as pulsating stars. 

PACS numbers: 97.30. Gj, 97.30.Kn, 97.10.Sj 
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The periodic oscillations of brightness in classical Cepheids and some other types of 
periodic variable stars are normally explained by radial or non-radial pulsations caused 
by changes in absorption of radiation in the layer of ionized helium beneath the star's 
photosphere [1,2]. These pulsations models encounter, however, essential difficulties. The 
maximum of brightness in classical Cepheids does not coincide with the phase of maximum 
contraction but, instead, coincides with the minimum value of radial velocity, corresponding 
to the maximum rate of the photosphere expansion [1]. Similarly, the minimum of brightness 
does not coincide with the phase of maximum expansion, but, instead, corresponds to the 
maximum rate of the photosphere's contraction. These properties of classical Cepheids, 
as well as some other, can be, in a more natural way, attributed to the passing through 
the star's photosphere of radial solitary waves, causing the local heating or cooling of the 
photosphere region and, also, the spatial displacement of the photosphere. The crucial 
argument against the pulsation models is that RR Lyrae stars show simultaneously both 
the outward going and inward going radial solitary waves causing the splitting of spectral 
lines in a star's spectrum near the maximum of brightness. Note that the pulsation models 
become now very complicated and nonlinear (see, e.g., [3]). Besides, the pulsating stars 
seem to be only the minority of the whole class of stars located in the instability strip of 
the Hertzsprung- Russell diagram [1], the instability strip being determined by the pulsation 
models of stars. 

After passing the photosphere of a star, the outward going radial solitary waves are re- 
flected from the surface of three-dimensional star's magnetosphere. The spherical form of 
this surface which is required for the reflection of radial solitary waves indicates that the 
magnetic field of a star is not simply a regular magnetic field of the three-dimensional mag- 
netic dipole. It is rather formed by convection in the star's envelope above the photosphere. 

In the case of classical Cepheids, the maximum of brightness coincides with the maximum 
amplitude of outward going radial solitary wave passing the photosphere region. It is clear 
that the outward propagating radial solitary wave causes the local heating of a plasma in 
the photosphere region. The successive radiative cooling of a plasma leads to the smooth 
decrease of the temperature in the photosphere region and, subsequently, to the smooth 
decrease of brightness. The minimum of brightness coincides with the maximum amplitude 
of inward propagating radial solitary wave reflected from the outer surface of the star's 
magnetosphere. 
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Presumably, the outward propagating radial solitary wave in the star's atmosphere is 
the ion-sound shock wave [4] produced by the transformation of acoustic type wave on the 
boundary between the dense core of a star and its more rarified envelope. 

In the case of RR Lyrae stars, the outward going and inward going radial solitary waves 
exist simultaneously. Both of them are seen not long before the maximum of brightness, 
causing the splitting of spectral lines in the star's spectrum [1]. From the time dependence 
of the radial velocities, it is clear that the period of the radial velocity oscillations in RR 
Lyrae stars is twice the (minimum) period of the brightness oscillations [1]. It means that 
the true light curve of a RR Lyrae star has two maximums of brightness, similar to the light 
curves of RV Tauri stars. In general, there is a sequence of types of periodic variable stars, 
along which the light curves are smoothly transformed each in other: 5 Cephei - RR Lyrae 
- RV Tauri - f3 Lyrae - f3 Persei. Note that RR Lyrae stars often have two periods of the 
brightness oscillations, similarly to RV Tauri stars. 

The last two classes of periodic variable stars in the above sequence are ordinary con- 
sidered as non-pulsating. However, many phenomena seen in these types of variable stars, 
such as the change of period and the presence of emission lines, are common with the classes 
of physical variable stars and support the suggestion that the oscillations of brightness in 
(5 Lyrae and (5 Persei stars are also caused by the outward going and inward going radial 
solitary waves passing through the photosphere region of a star. 

In the (3 Lyrae system, the second component shows no absorption lines at any phase, 
including the phases of suggested eclipses at the minima of brightness, despite its suggested 
large luminosity [5]. Contrary, the B8 spectrum of the principal component of this system 
is observed at every phase. The minima of brightness in the f3 Lyrae system correspond 
to approximately zero values of the radial velocity shown by B8 absorption lines, and each 
of the two maxima correspond to the minimum (the first) or the maximum (the second) of 
the velocity curve [5]. It is clear that the outward going radial solitary wave is responsible 
for the first maximum of brightness, corresponding to the maximum rate of expansion of 
the star's photosphere, while the inward going radial solitary wave is responsible for the 
second one, corresponding to the maximum rate of the photosphere's contraction. The 
principal minimum of brightness coincides with the reflection of the radial solitary wave 
from the central region of the star, and the secondary minimum of brightness coincides 
with the reflection of the radial solitary wave from the surface of the three-dimensional 
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magnetosphere of the star. The (3 Lyrae system invokes also an accretion disk producing in 
particular CIV emission lines and a convective envelope producing P Cyg type lines [1]. 

Earlier, it was shown that pulses of radio emission from a radio pulsar are triggered 
by radiation-induced radial solitary waves propagating in hot plasmas of the accretion disk 
surrounding a pulsar [6]. Periodic variable stars also have accretion disks, indicative of which 
is the presence of emission lines in their spectra. The outward going radial solitary wave 
propagating in the star's three-dimensional envelope can produce the outward going radial 
solitary wave in the accretion disk surrounding a star. The last wave causes the occurrence 
of emission lines in the star's spectrum corresponding to some phases of the star's light 
curve. 

In the case of UV Ceti stars undergoing flares of optical emission [1], the ultravio- 
let/optical bump is seen in their spectra during the flare. This bump is characteristic for an 
accretion disk and is normally present in quasars [7] . The radio emission from UV Ceti stars 
following the optical flare can be interpreted as the radio emission triggered by the outward 
going radial solitary wave in an accretion disk surrounding a star [6]. 

To summerise, outward- going and inward- going radial solitary waves in the star's enve- 
lope are responsible for the oscillations of brightness, the splitting of spectral lines, and the 
occurrence of emission lines in periodic variable stars of various types, both 'pulsating' and 
'non-pulsating'. 
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